Aims: The Copenhagen Psychosocial Questionnaire (COPSOQ) comprises dimensions (emotional demands, demands of hiding emotions, meaning of work, quality of leadership, and predictability) that are not in the job strain or the effort-reward imbalance (ERI) models. The study aim was to investigate whether these dimensions explain changes in vitality and mental health over and above the job strain and ERI models. Methods: A cohort of 3552 employees in 2000 were followed up in 2005 (cohort participation of 51%). Regression analyses were carried out with mental health and vitality as dependent variables. A significance level of 0.01 was applied when comparing regression models. Results: Regarding mental health, both the full COPSOQ-ERI model (p ¼ 0.005) and the full job strain-COPSOQ model (p ¼ 0.01) were significantly better than the ERI and the job strain models. Regarding vitality, none of the full COPSOQ models (i.e. with new COPSOQ dimensions together with job strain or ERI respectively) was significantly better than the ERI (p ¼ 0.03) or the job strain (p ¼ 0.04) models. Emotional demands and low meaning of work predicted poor mental health and low vitality. Conclusions: In relation to mental health, new psychosocial risk factors have the potential to add to the predictive power of the job strain and ERI models. The current practice of including only items from the ERI and job strain models in public health studies should be reconsidered. Theories regarding the status of, for example, emotional demands and meaning of work should be developed and tested.
Background
A number of general psychosocial questionnaires, such as the Copenhagen Psychosocial Questionnaire (COPSOQ) [1] , differ from the Job Content Questionnaire (JCQ) [2] and the effort-reward imbalance (ERI) questionnaire [3] , as they are not based on one specific theoretical model regarding the relationship between psychosocial work environment and health [4] . Consequently, these questionnaires contain dimensions that are not covered by the job strain model and the ERI model. In the present study, we determined to what extent such dimensions predict changes in vitality and mental health over and above the job strain and the ERI models.
In the 2000 round of the Danish Work Environment Cohort Study (DWECS) [5, 6] , some dimensions from COPSOQ, version 1 [1] were included. Among these, emotional demands, demands of hiding emotions, meaning of work, predictability and quality of leadership did not form part of the job strain and the ERI models. Only a few prospective studies have looked at the health effects of these factors [7] [8] [9] [10] [11] . Emotional demands [7] , meaning of work [11] and leadership fairness [8] have been found to be predictors of fatigue. Emotional demands [10] and quality of leadership [9] have been found to be risk factors for mental health.
Our research question was whether emotional demands, demands for hiding emotions, meaning of work, quality of leadership and predictability explain changes in vitality and mental health over and above the job strain and ERI models. On the basis of the few findings mentioned above, we expected these psychosocial working conditions to do so regarding both outcomes.
Material and methods

Population
Among 11,437 randomly selected residents in Denmark from the Central Population Register, 8583 participated (75%) in the 2000 round of the DWESC [5, 6] . Of these, 256 died or emigrated up to 2005. Of the remaining population, 5625 participated (68%, n ¼ 8327); the cohort participation rate was 51%, and of these, 3856 were employees. Among the employees, there was no association between attrition at follow-up and baseline vitality or mental health. In the cohort, 304 people did not have sufficient information on the relevant variables, so the analyses are based on 3552 people.
Variables
Sex and age were register data as per date of data extraction (1 October 2000) . All other variables were, in 2000, based on telephone interviews on the respondents' home phone -or, if this was not possible, on face-to-face interviews in the respondents' homes. In 2005, most respondents responded to postal questionnaires; the rest were interviewed by telephone. In the following description, all scales except ERI had values from 0 to 100.
Vitality and mental health. Vitality was measured by means of the following SF-36 items [12] : ''How much of the time during the past 4 weeks ''did you feel full of energy?'' (item 1), ''did you have a lot of energy?'' (item 2), ''did you feel worn out?'' (item 3), and ''did you feel tired?'' (item 4), with the response options ''All of the time'', ''Most of the time'', ''A good bit of the time'', ''Some of the time'', ''A little of the time'', and ''None of the time''. The items were combined into a scale where the values of items 3 and 4 were reversed. Cronbach's alpha was 0.82; inter-item correlations were 0.42-0.70.
Mental health was measured by means of the following SF-36 items [12] : ''How much of the time during the past 4 weeks ''have you been a very nervous person?'' (item 1), ''have you felt so down in the dumps that nothing could cheer you up?'' (item 2), ''have you felt calm and peaceful?'' (item 3), ''have you felt downhearted and blue?'' (item 4), and ''have you been a happy person?'' (item 5), with the same response options as for vitality. The items were combined into a scale where items 1, 2 and 4 were reversed. Cronbach's alpha was 0.81; inter-item correlations were 0.37-0.57.
ERI. ERI was based on measurements with proxy measures [13] . The DWECS did not contain items regarding work-related overcommitment. Effort was measured by means of four items from COPSOQ I [1] . Three items were the same as items WP1, QD1 and QD2 from COPSOQ II [14] -for an explanation of COPSOQ II items, see also Table I . The fourth item was ''Do you have to do overtime?''. All of the items had the following response options (and values for the scale): ''Always'' (5), ''Often'' (4), ''Sometimes'' (3), ''Seldom'' (2), and ''Never/hardly ever'' (1). Cronbach's alpha for the scale was 0.64; inter-item correlations were 0.22-0.40.
Reward was measured by means of three non-COPSOQ items (''Have you good prospects for the future in your job?'', ''Is your work recognized and appreciated by management?'', and ''How would you assess your salary with regard to your effort and your qualification?'', with response options (and values for the scale) for the two first items being ''To a very large extent'' (5) , ''To a large extent'' (4), ''Somewhat'' (3), ''To a small extent'' (2), and ''To a very small extent'' (1), and response options for the third item being ''Too high'' (3), ''Appropriate'' (3), ''A little bit too low'' (2), and ''Much too low'' (1)) and four COPSOQ I items [1] , being the same as SC1, SS2, JI1 and JI4 from COPSOQ II [14] (the response options for the two first items (and values for the sum scale) were ''Always'' (5), ''Often'' (4), ''Sometimes'' (3), ''Seldom'' (2), and ''Never/hardly ever'' (1), and the response options for the two latter items were ''Yes'' (1) and ''No'' (2)). Cronbach's alpha for the scale was 0.53; inter-item correlations were 0.00-0.42.
An ERI ratio was constructed [13] with the effort score in the nominator and the reward score in the denominator. Hence, higher values of the ratio expressed a higher level of imbalance between high effort and low reward.
Demand-control. Job strain was based on two dichotomized scales, psychological demands and control, resulting in four categories: ''No strain''low demands and high control; ''Active'' -high demands and low control; ''Passive'' -low demands and low control; and ''Strain'' -high demands and low control. The scales were constructed accurately by means of items from COPSOQ [1] and the DWECS corresponding to JCQ items [2] . The psychological demands scale was based on a mean of three items from the medium-length COPSOQ I quantitative demand scale (the same as items WP1, QD1 and QD2 in COPSOQ II [14] ; Table I ) and one DWECS item, ''How correct or incorrect are the following statements about your role in your work? -Conflicting demands are placed on me in my work'', with the response options ''Completely correct'', ''Sometimes correct'', and ''Completely incorrect''. Cronbach's alpha was 0.55; inter-item correlations were 0.11-0.40. In the calculation of the mean, the first item counted as six individual items, so that this question regarding work pace had the same weight in the scale as in the JCQ.
Control was -as in the JCQ -calculated as a mean of the items of the medium-length scales influence at work (i.e. decision authority) and possibilities for development (i.e. skill discretion) from COPSOQ 1. The items [1] were the same as IN1-IN4, VA1, PD1 and PD2 in COPSOQ II [14] . Cronbach's alpha of the total control scale was 0.80; inter-item correlations were 0.32-0.50.
Social support was measured by means of four COPSOQ I items [1] , which were the same as SC1, SC2, SS1 and SS2 in COPSOQ II [14] . Cronbach's alpha was 0.74; inter-item correlations were 0.32-0.60.
New COPSOQ dimensions. All new COPSOQ scales were the medium-length scales from COPSOQ I [1] , most items of which are still used in COPSOQ II [14] ( Table I) .
The three emotional demands items were the same as items ED1-ED3 in COPSOQ II [14] . Cronbach's alpha of the scale was 0.88; inter-item correlations were 0.68-0.73.
The two demands for hiding emotions items were the same as item HE2 in COPSOQ II [14] and the item ''Does your work require that you do not state your opinion?''. Cronbach's alpha was 0.53; the inter-item correlation was 0.36.
The three meaning of work items were the same as items MW1-MW3 in COPSOQ II [14] . Cronbach's alpha of the scale was 0.78; inter-item correlations were 0.52-0.56.
The four quality of leadership items were the same as items QL1-QL4 in COPSOQ II [14] . Cronbach's alpha of the scale was 0.84; inter-item correlations were 0.50-0.63.
The two predictability items were the same as items PR1-PR2 in COPSOQ II [14] . Cronbach's alpha of the scale was 0.70; the inter-item correlation was 0.53.
Other variables. Occupational physical activity was a dichotomization of a scale with the following categories: ''Low'' (0-35) and ''High'' (435-100).
The scale was a mean of three questions and one subscale. The questions were ''Does your job require that you sit down?'' (reversed), ''Does your job require that you kneel or squat?'', and ''How much of your time at work do you push or pull something?'', with the responses (given the following values) ''Almost all the time'' (100), ''Approximately 3/4 of the time'' (75), ''Approximately 1/2 of the time'' (50), ''Approximately 1/4 of the time'' (25) , ''Rarely/very little'' (6), and ''Never'' (0). The subscale was based on a mean of two questions (given the following values): ''For how many of your working hours do you carry or lift things/people?'', with the response options as above; and the question ''What does the load you carry normally weigh?'' with the response options ''Less than 3 kg'' (2.5), ''3-10 kg'' (10.8), ''11-29 kg'' (33.3), ''30-49 kg'' (65.8), and ''50 kg or more'' (100). If respondents answered ''Never'' to the former question, we coded the latter question as 0.
Smoking status was divided into two categories: ''Never or former smoker'' and ''Currently smoking''.
Analysis
Regression analyses were carried out in which ERI, job strain, emotional demands, demands for hiding emotions, influence at work, possibilities for development, meaning of work, quality of leadership and predictability were independent variables.
The distribution of the COPSOQ scales and the ERI scales can be seen in Table II . In the analysis, all scales were transformed so that their standard deviation was equal to 1. A correlation analysis (Table III) was carried out. A number of bivariate correlations were 0.35 or above -(a) emotional demands were correlated with demands for hiding emotions; (b) meaning of work, quality of leadership and predictability of work were all correlated with each other -the highest correlation was between quality of leadership and predictability (0.59); and (c) both social support and ERI were correlated with quality of leadership and predictability, and to a lesser extent with meaning of work -and with each other. A total of 26% were categorized as having ''job strain'', 23% as having ''no strain'', 26% as being ''active'', and 25% as being ''passive''. People with job strain hadas compared with other people -higher ERI, more emotional demands, more demands for hiding emotions and lower social support, less meaning of work, lower management quality, and lower predictability of work (p ¼ 0.000-0.003). For each outcome, two regression analyses were carried out, one with ERI as independent variable, and another with job strain as independent variable in the first step (model 1). These two dimensions could not be entered in the same analysis, as they share quantitative demand items and some social support items. In the second step (model 2), the COPSOQ scales emotional demands, demands for hiding emotions, meaning of work, quality of leadership and predictability were included. In the second step, ERI and job strain, respectively, were kept in the model, without taking into account whether these variables predicted the outcome. All analyses were controlled for gender, age, occupational physical activity, smoking, and mode of interview [15] .
Vitality and mental health at follow-up were estimated in multiple linear regression analyses controlled for baseline mental health and vitality, respectively. F-tests were used to determine whether model 2 explained the outcome over and above model 1. When the models were compared, a significance level of 0.01 was applied, as four comparisons were carried out.
Results
Vitality
When a significance level of 0.01 was applied in comparison of regression models, none of the full COPSOQ models (i.e. where the new COPSOQ dimensions were in the model together with job strain or ERI, respectively) was significantly better at predicting vitality at follow-up -controlled for baseline vitality -than the ERI (p ¼ 0.03) or the job strain (p ¼ 0.04) models (Table IV ). In the full COPSOQ models, we could observe that vitality decreased with more emotional demands and increased with more meaning of work. For example, an employee with an increase of one standard deviation of emotional demands would have a decrease of À0.71 (À1.37; À0.04) points in the vitality score.
Mental health
Both the full COPSOQ-ERI model (p ¼ 0.005) and the full job strain-COPSOQ model (p ¼ 0.01) were significantly better at predicting mental health at follow-up -controlled for baseline mental healththan the ERI or the job strain model alone (Table V) . In both full COPSOQ models, mental health deteriorated with more emotional demands and improved with more meaning of work.
Neither demands for hiding emotions, quality of leadership nor predictability of work was associated with any of the outcomes.
Discussion
Regarding mental health, the full COPSOQ models (i.e. where the new COPSOQ dimensions were in the model together with job strain or ERI, respectively) were better than both the ERI model and the job strain model. Regarding vitality, the full COPSOQ models were not significantly better than the ERI or job strain model. Therefore, our hypothesis was partly confirmed.
Emotional demands predicted deterioration in mental health and vitality. Also, meaning of work predicted both outcomes, but was only marginally significant when predicting mental health together with job strain. Demands for hiding emotions, quality of leadership and predictability did not predict any of the outcomes.
Strengths and weaknesses
The strengths of the present study are that it is: (a) prospective; (b) relies on a representative sample of employees in a country; (c) uses validated scales of psychosocial factors; and (d) controls for relevant potential confounders such as smoking and occupational physical activity. Regarding point (a), the number of prospective studies on associations between psychosocial factors other than job strain and ERI with vitality and mental health are scarce [7] [8] [9] [10] [11] , and only two of them have been based on general populations [7, 10] . Regarding point (d), job strain is correlated positively with smoking, but also with occupational physical activity, which has been shown to have adverse health effects [16] .
The potential weaknesses of the study are that: (a) the follow-up time is relatively long (5 years); (b) the proportion in the cohort is low (51%); and (c) the measurements of job strain and ERI are not based on questions from the original JCQ (job strain) and ERI questionnaires. Regarding point (a), a recent study [17] of psychosocial risk factors for self-rated health (general health, distress, and depression) has shown somewhat stronger associations with distress and depression in a 2-year follow-up as compared with a 6-year follow-up. We might therefore suspect that the 5-year follow-up period is too long to detect all relevant associations. Regarding point (b), we do not know to what extent attrition at baseline was related to vitality and mental health in the study population. Surprisingly, attrition from baseline to follow-up was not related to vitality and mental health among baseline participants. Regarding point (c), we have been able to measure job strain with items corresponding to the items in the JCQ [2] . However, we have removed occupational physical activity items from the demand scale, and instead used these items as a general control variable. Regarding ERI, the wording of the original questions in the ERI questionnaire have been criticized for mixing the measurement of exposures (stressors) and outcomes (stress reactions) -a criticism that does not apply to the items used in this article [13] . On the other hand, the DWECS did not measure overcommitment, so the measurement of ERI would potentially have predicted more of the outcome, had this measurement been part of the ERI measure. Regarding the job strain and ERI measures, the order of the proxy questions in the present article differs from the order of the original questions in the JCQ (job strain) and ERI questionnaires. We do not think that question order does affect the validity of our proxy measures considerably. The Cronbach alpha for demands in the proxy job strain measure was relatively low -this has also been found in the original measures of demands [18] . The Cronbach alpha for rewards was lower than in the original ERI measure [3] . One reason for this might be that the wording of proxy items -as mentioned above -was more neutral than in the original ERI measure, leading to a lower correlation between the proxy items. It might also be that Cronbach's alpha is not the proper measure for validity of these scales if one assumes that the items in the scales have common effects. 
Comparison with other studies
The results indicate that the total health effects of the psychosocial work environment will be underestimated in some cases if one only includes the ERI and job strain models. One should, however, note, as mentioned above, that the risks associated with ERI might have been higher had we been able to include overcommitment in the analysis. It seems that the new COPSOQ dimensions decrease the effects of ERI and job strain (Tables IV and V) . In the vitality analyses, perhaps the effects of job strain decreased (model 2, Table IV ) because emotional demands were higher among people with job strain (p ¼ 0.003). Perhaps the effect of job strain was lowered because meaning of work might mediate the association between job strain and vitality and mental health. In the following, we will discuss the results in detail. Emotional demands have previously been found to predict low vitality (i.e. fatigue) [7] [8] [9] [10] and mental health [10] . A 1-year follow-up study of risk factors of fatigue in a heterogeneous Dutch population found that emotional demands increased fatigue in males. A case-control study in the Danish population using occupational information 1 year before treatment as a proxy for psychosocial working conditions foundamong women -that high emotional demands on an occupational level were associated with a higher risk for hospitalizations for depression [10] . Emotional demands might cause poor mental health because emotional work potentially challenges the psychological vulnerability of the employee. Another explanation for a part of this finding might be that occupations with high emotional demands also have a higher incidence of violence [19] . One prospective study has found that violence at work predicts fatigue [20] . Another study, based on the same data as in the case-control study mentioned above [10] , found that people working in occupations with a high risk of violence had a higher risk for hospitalizations for both depressive and anxiety disorders [21] . However, we still need more studies to know whether emotional demands actually cause deterioration in mental health.
To our knowledge, only one published prospective study has looked at possible associations between meaning of work and vitality and mental health [11] . This study, on a population of human service workers, found that meaning of work was associated with increased vitality cross-sectionally, but -unexpectedly -decreased vitality prospectively. The vitality measure in the study (labelled burnout) was based on four vitality/fatigue items, one general health item, and one mental health item. The question remains of whether meaning of work also predicts vitality and mental health among employees not working with costumers or clients. The COPSOQ research team categorizes meaning of work as a measure of ''work organization and job content'' [1, 14] . Meaning of work correlated with other ''work organization and job content'' variables (possibilities for development (Spearman correlation ¼ 0.54) and decision authority (0.43)), but also with some ''Interpersonal relations and leadership'' variables (role clarity (0.46) and quality of leadership (0.37)) [1] . It has been suggested that there is a close link between meaning of work, trust, and leadership [22] . Meaning might be considered to be a mediator between psychosocial work environment and health [23] , rather than an independent predictor of health [24] .
In none of the models (Tables IV and V) did quality of leadership predict vitality and mental health. This was also so when meaning of work was removed from the model (data not shown) or when quality of leadership was analysed alone, i.e. without any adjustment for ERI, job strain, or any other psychosocial dimension. The COPSOQ quality of leadership scale included items dealing with the degree to which the immediate superior ensured good development opportunities, job satisfaction, work planning, and conflict-solving [14] . In a recent study of nurses [8] , fairness of immediate superior's leadership predicted a decreased risk for persistent fatigue. Here, leadership fairness was measured by means of items regarding justice (whether the immediate supervisor distributes the work fairly and impartially, and treats the workers fairly and equally) and one item regarding the possible stressful relationship with the immediate supervisor [25] . A study of British civil servants [26] found that relational justice (two items on predictability, one item on social support, and two items on fairness of feedback) predicted cases of psychiatric morbidity. So, it might be that quality of leadership predicts fatigue and mental health when one addresses the experienced degree of fairness of leadership.
Conclusion
The analyses in the present article indicate that there are a number of relevant psychosocial risk factors for mental health that are not included in the existing job strain and ERI models. Thus, the tradition of including only items from the ERI and job strain models in studies of possible health effects [27] should be reconsidered. Today, we know very little of the public health consequences of these non-model dimensions. Such dimensions should be investigated with regard to other outcomes and in more populations. Other outcomes could be ''hard'' outcomes, such as clinical depression, use of prescribed medicine (e.g. antidepressants), sickness absence, cardiovascular disease, or mortality. Furthermore, dimensions of the psychosocial work environment, such as justice and fairness [8] , should be investigated.
Theories regarding the status of dimensions such as emotional demands and meaning of work, together with the dimensions from the ERI and job strain models, should be developed and tested empirically. For example, it should be explored whether it is reasonable to regard meaning of work as an exposure [1] or as an outcome [24] of the psychosocial work environment. This also applies to the status of other psychosocial variables. Theoretical and empirical development would make it possible to suggest which core variables should be included: (a) when describing the psychosocial work environment; and (b) when analysing its possible health effects.
